ABSTRACT:
these current tools can capture the dynamics of proposed changes where traffic patterns 6 undoubtedly change. Each proposed improvement has an influence on traffic patterns and 7 must be captured at a regional level to determine whether vehicles choose the same path 8 or defer to an alternate one. This research study is aimed at exploring new methods to 9 supplement the RSA process -using visualization tools to assess the performance of each 10 proposed improvement strategy by conducting a more thorough comprehensive safety 11 study using multi-resolution modeling methods in situations when suggested 12 countermeasures would almost certainly redistribute traffic to alternative routes. 13
A case study in El Paso, Texas was selected where an audit team performed a safety audit 14 of a diamond interchange that experiences a high number of collisions during peak hours. 15
The visualization of the proposed improvement scenarios help the Department of 16
Transportation better understand how mitigation strategies would influence traffic flow in 17 and around the study area or whether the proposed changes improved safety or merely 18
shifted the problem to alternate locations. The use of visualization tools can help convey 19 proposed improvements to the public. 20 21
INTRODUCTION 22
Road transportation provides benefits by facilitating the movement of goods and people. 23
It enables increased access to jobs, economic markets, education, recreation and health care, 24 which in turn have direct and indirect positive impacts on economic growth and quality of life. 25
However, the increase in road transportation has also placed a considerable burden on people's 26 health -in the form of traffic injuries and fatalities. More than 1.3 million people die on the 27 world's roads every year, and between 20 and 50 million others suffer non-fatal injuries. In most 28 regions of the world this epidemic of road traffic injuries is still increasing [1] . The use of driving simulators for road safety audits has gained popularity over the past 92 several years. As these tools become more readily available, an opportunity is presented to 93 introduce the technology into the road design process. These advanced technologies make it 94 possible to investigate the role of human factors under a multidisciplinary perspective [8] . 95
Utilizing simulators into the road design process does not mean using driving simulators for 96 visualization purposes but instead using them to perform what is described as a virtual road 97 safety audit (VRSA). A VRSA involves the evaluation of a design by exposing real users to the 98 design using a simulator and obtaining performance measures that reflect how different elements 99 of the design support the driving tasks. The use of VRSAs allows design engineers to understand 100 all aspects of a design and determine whether it supports driver performance in a positive or 101 negative way [9] . 102
Researchers from Purdue University introduced a concept tool called the Road Site 103 Investigation Tool (RSIT) which uses tree-like knowledge base where the branches form a 104 sequence of checks leading to specific safety countermeasures and their connection with 105 roadway conditions and crash patterns. It takes the form of an "intelligent checklist" that leads 106 the investigator through relevant questions in an interactive process. The RSIT prototype assists 107 less experienced investigators and saves time for more experienced ones but has been limited to 108 basic stop-controlled intersections [10] . Urban Circus has developed a road safety audit 109 visualization platform specifically designed to calculate sight distances of motorists and they 110 traverse through the roadway network. 
Site Investigation 166
One of the most important aspects of the RSA involves a field review which is conducted 167 to observe conditions "on the ground" that created safety hazards. The audit team used the 168 opportunity to observe all traffic flow conditions and patterns during peak and off-peak hours. 169
Night-time observations were conducted to document lighting conditions and sight distances. 170
The site investigation provided an opportunity to analyze pavement conditions, the amount of 171 signage used at each signal approach, drainage conditions, driveway access locations and typical 172 pedestrian movements around the many stores and restaurants that sit adjacent to the interchange. 173
During the site investigation, the team collected traffic data which is outlined below. 174
Data Collection 175
Data collection is also a significant and necessary part of the RSA process. It provides 176 critical information about the study area and allows auditors to better understand the causes and 177 
Traffic Data 210
Traffic counts and turning movements were obtained by using video camera recordings 211 and loop detectors. This allowed researchers not only to determine what the highest movements 212 were at each approach at the intersection, but also determine the vehicle class distribution (i.e. 213 number of cars versus trucks). Data was collected during several periods of the day including 214 morning peak, mid-day and afternoon peak. Pedestrian counts were also collected at each of the 215 four approaches at the interchange. In addition, signal timing data was collected and used as part 216 the simulation model development and calibration. 217 218 The MRM process can determine whether the proposed strategies improve traffic flow, reduce 244 queue spillback and determine whether congestion problems are shifted to alternate locations 245 [19] . 246
The MRM begins with a regional travel demand model which is the foundation for all 247 subsequent modeling platforms. The travel demand model, usually owned by metropolitan 248 planning organizations (MPOs), provides the blueprint for all existing roadway infrastructure. In 249 addition, it provides the origins and destinations of all trips encountered on a typical day. The 250 regional travel demand model is converted to a regional simulation-based mesoscopic model. 251
The purpose of using a mesoscopic model is to utilize the dynamic traffic assignment (DTA) 252 algorithm embedded within the software. DTA is a time-dependent methodology which captures 253
traveler's route choice behavior as they traverse from origin to destination. The objective 254 function (DUE) is based on the idea of drivers choosing their routes through the network 255 according to their generalized travel cost experienced during the simulation. A generalized cost 256 includes both travel time and any monetary costs (e.g. tolls) or other relevant attributes 257 associated (preference) with a roadway. An iterative algorithmic procedure attempts to establish 258 DUE conditions by assignment of vehicles departing at the same time between the same OD pair 259 to different paths. At any given point and after much iteration, travelers learn and adapt to the 260 transportation network conditions. Simulation-based DTA models allow users to analyze traffic 261 conditions both spatially and temporally (i.e. analyze traffic congestion at any specific time 262 period). Regional travel demand models only show the total traffic traveling on any specific 263 roadway for the entire day or hourly sections and cannot show traffic dynamics (e.g. queuing). In 264 addition, travel demand models are capacity constrained and can typically have a volume-to-265 capacity (V/C) ratio >1 which is not realistic. DTA models are capacity constrained so at 266 location of oversaturation -the model routes traffic to alternate paths just like reality. 267
All proposed routing (mid and long range) strategies that include new infrastructure, 268 intelligent transportation systems (ITS) improvements, or changes to existing infrastructure 269 (added/reduced capacity) were examined for current, as well as future, congestion levels. Once 270 all routing strategies had been examined, more detailed operational strategies were analyzed at 271 the microscopic level. Microscopic models are derived from sub-area cuts of the regional 272 mesoscopic DTA model where all paths and flows are truncated and retained in the microscopic 273 model. The microscopic models allowed auditors to evaluate whether operational (short-term) 274 strategies improved or adversely affected congestion and ultimately safety by comparing queue 275 lengths, speed differentials and density patterns. 
RESULTS 286

Signal Timing Optimization 287
One of the main contributing causes of traffic accidents on the Loop 375 corridor was 288 queue spillback onto the main lanes. The southbound exit ramp at SH 20/Alameda is the first 289 most viable option for commuters destined for the lower valley. During the afternoon peak hour, 290 traffic regularly spills back onto highway main lanes creating a potential traffic safety hazard. 291
Traffic volume counts and turn volumes showed that the highest movement of traffic at this 292 approach was left-turning onto Alameda eastbound. However, there is only one left-turning lane. 293
The first mitigation strategy proposed was to determine whether or not the traffic signals were 294 operating at an optimized level. Current traffic approach volumes and signal timings were input 295 into Synchro to determine existing level-of-service (LOS). Simulation results showed that the 296 intersection was operating at an overall LOS of "F". The southbound exit experiences the highest 297 control delay, queue delay, and volume-to-capacity (v/c) ratio. to equilibrium conditions where a sub-area of the diamond interchange was extracted and 313 converted to a microscopic counterpart. Simulation results showed that the additional storage 314 capacity reduced the queue spillback on the main lanes. Queue spillback was not completely 315 eliminated but reduced enough to provide some relief and possibly a reduction in the number of 316 rear-end collisions. Figure 6 shows the VISSIM simulation model used to produce 4D video files 317 used in final the final presentation to TxDOT. 318 319 320 Simulation results showed that traffic was redistributed between the two ramps with the Socorro 348 exit attracting more than 3 times the volume than the existing Alameda off ramp resulting in 349 queue spillback onto Loop 375 main lanes ( Figure 9) 
Auxiliary Lane
CONCLUSIONS
362
The use of integrated MRM tools helped analyze multiple proposed improvements. The 363 signal timing optimization (Synchro) helped alleviate queuing on the southbound approach to the 364 interchange. The southbound approach is the location that experienced the highest number of 365 rear end collisions due to the queue spillback onto the freeway main lanes. In addition, the 366 Synchro model showed that the addition of a second left turning lane also provided some relief to 367 the southbound approach. However, the additional green time did have a negative impact on the 368 remaining three approaches in terms of approach LOS. The addition of a right turning bay on the 369 westbound approach alleviated some queuing to offset the green time reduction due to signal 370 optimization. When simulating both the signal optimization and turn bay strategies together, 371 significant improvement to traffic flow was realized. Converting the freeway shoulder to an 372 auxiliary lane provided additional capacity for exiting vehicles but more importantly allowed the 373 interchange queuing to be confined to the auxiliary lane. TxDOT converted the shoulder to an 374 auxiliary lane in the summer of 2010. 375
TxDOT had originally proposed the construction of an additional off-ramp downstream 376 at the next diamond interchange (Socorro Rd). The DTA model accounted for the shift in traffic 377 from regional perspective, but it is not detailed enough to account for extended green times at 378 actuated signals nor can it account for pedestrian flow crossing the street. Therefore the regional 379 DTA model was converted to a microscopic counterpart in VISSIM format which could 380 accommodate complex signal timings and pedestrian flow. This MRM methodology showed that 381 the limited capacity of the Socorro/Americas Ave intersection constrained the flow of vehicles 382 traveling through the signal resulting in vehicles queuing back onto the freeway main lanes. The 383 simulation modeling was able to show that the proposed off-ramp merely shifted the queue 384 spillback problem to a downstream location. As a result, TxDOT did not pursue the possibility of 385 constructing an additional off-ramp (i.e. TxDOT Advanced Project Development section did not
